Introduction: Despite a global increase in conservative treatment of blunt liver injuries, the number of surgically treated traumas in one major trauma center in Iran has increased. The aim of this study was to unveil the reasons behind this increase in operative management by studying 228 consecutive patients at this regional center. Hypothesis: The increased number of liver injuries operated upon is due to the lack of a solid, well-defined trauma system. Methods: A retrospective review of all patients admitted for liver trauma at Bahonar Hospital, Kerman, Iran, from March 2001 until March 2006 was conducted. Patient data were collected, studied and statistically processed with regard to demographics, clinical and laboratory findings, surgical procedures, complications, and mortality. Results: All patients who were admitted between 30-360 minutes after injury were included. Twelve hemodynamically stable patients were treated conservatively in an ordinary surgical ward. The remaining 216 patients, 153 of whom had blunt injuries, were hemodynamically unstable. A total of 70 patients were in hemorrhagic shock at the time of arrival. Hemodynamically unstable patients with either the suspicion of associated injuries and/or who displayed clinical deterioration and could not be observed in an ordinary surgical ward were treated surgically. The majority of patients who were operated upon in this series had a grade-II liver injury. The total mortality rate in surgically treated patients was 18.1%. None of the patients treated conservatively died. Conclusions: Despite the low grade of their liver injuries, the high number of surgically treated patients in this series was due to the absence of a valid trauma system. This result should encourage the authorities to review current trauma systems and trauma surgical guidelines. 
Introduction
The magnitude and complexity of a traumatic liver injury (TLI) depends on the extent, anatomical location, and mechanism of injury. [1] [2] [3] [4] [5] [6] [7] [8] [9] While computthe results of surgery (explorative laparotomy, hepatoraphy, packing) were collected. Finally, the severity of liver injuries based on the OIS was determined. All post-operative complications also were registered and other data such as length of stay (LOS) at the ICU or hospital and the patient's condition at the time of discharge also were obtained. All patients were fully informed, and there was no conflict of interest. The hospital ethics committee approved the study.
Statistics
The data were statistically processed using SPSS Statistical Instruments Version 12.0 [SPSS Inc., Chicago, IL]. Statistical significance was set at p <0.05.
Results

Trauma Center/System
Bahonar Hospital is a major trauma center in Kerman, one of largest provinces in Iran (181,714 km 2 ) and serves >2 million people. It provides the services of all major specialties required for trauma care. During the study period, CT scans were available 24 hours each day, but access to interventional radiology was limited. There was no ICU/HDU available. Paramedics who had two years basic resuscitation training, resuscitated the majority of patients at the scene of their accidents. There was an ordinary ambulance system, but no helicopter service was available for the transport of trauma patients.
Patients
Two hundred sixteen patients (184 men and 32 women, mean age of 25.3 ±13.0 years) had surgical interventions and 12 patients (10 men and two women, mean age of 23.5 ±7.7 years) were treated conservatively.
Mechanism of Trauma
For the 12 conservatively treated patients (10 blunt and two penetrating), mean age 24.8 ±8.4 and 22.3 ±7.1 years, respectively), the most common cause of trauma was car or trolled hemorrhage, and septic complications contribute to morbidity and death. The recent improvements in prehospital resuscitation and intensive care facilities have decreased the mortality rate to <15%. 3, 11 Trauma is a major cause of death among youths in Iran; the majority mainly are due to road traffic accidents and falls. Earlier studies in Iran have indicated that there is a need for improvements in the quality of trauma care, including the provision of pre-and in-hospital trauma care. [15] [16] Kerman is the second largest province in Iran with a population >2 million. During recent years, many patients with TLIs have been treated at Kerman's major regional and referral trauma center. Despite a worldwide increase in the conservative treatment of TLIs, the number of surgically treated patients in this center has increased. In this retrospective study, the outcomes of TLIs in this trauma center were studied, as were the reasons for this observed increase in the surgical treatment of liver injuries.
Methods
Patients
All patients with a definitive post-operative and/or postobservation diagnosis of TLI (n = 228) admitted to the Emergency Department at Bahonar Hospital during March 2001 to March 2006 were included. The mechanism of injury was identified and the injuries were classified into two groups, blunt or penetrating. Blunt injuries were categorized into five subgroups, car and motorcycle accidents, falls from height, fighting, and others. Penetrating injuries were categorized as stabbings, gunshots, or other.
The patient's age and history, type of trauma, clinical signs at admission (Glasgow Coma Scale score (GCS), blood pressure (BP), abdominal tenderness, peritonitis, and abdominal guarding), laboratory results, diagnostic modalities, including Diagnostic Peritoneal Lavage (DPL), ultrasonography, CT scan, associated organ injuries (limbs, head and neck, thoracic, spinal, and pelvic), the indication for operative treatment, and 
Associated Injuries
No conservatively treated patients had any associated injuries. In 174 surgically treated patients, head and neck, limb, and thorax injuries were the main injuries in blunt traumas. Thorax injuries, followed by stomach and diaphragm injuries, were the main associated injuries in those patients with penetrating trauma. In patients with blunt injuries, the spleen was the most commonly injured intra-abdominal organ. In penetrating injuries, the stomach was the most commonly injured intra-abdominal organ ( Table 2) .
Grade of Liver Injuries
All patients in the conservatively treated group had grade I or II injuries to the liver. In patients treated surgically, grade II injuries were the most frequent with non-penetrating injuries followed by grades III, I, IV, V, and VI, respectively. In those with penetrating injuries, grade I was most common followed by grades II, III, and IV. The mortality rate increased with increasing grades of liver injury (Table 3) . motorcycle crashes. For the 216 surgically treated patients (153 blunt and 63 penetrating injuries, mean age 25.6 ±14.4 and 24.5 ±8.8 years, respectively), the majority of blunt TLIs were caused by car (n = 92, 60.1%) and motorcycle (n = 43, 28.1%) crashes, followed by falls from height (n = 14) and others (n = 4). For those with penetrating trauma, stabbing (n = 56, 88.9%) was the most common cause of injury followed by falls from height and others (n = 7, 11.1%). The patients with both types of injuries predominantly were male.
Prehospital/Admissions Data
Prehospital data were limited. The transport time ranged from 30-360 minutes from the scene to the emergency department. At the time of admission, 70 patients were in shock (systolic BP <90 mmHg) of whom, 13 had GCS <8 (11 blunt and two penetrating injuries). Abdominal tenderness was the most common clinical finding at admission (Table 2) .
Pre-Operative Diagnostics
All conservatively treated and 79 of the surgically treated patients (75 blunt injuries), were preoperatively investigated by US, CT, or DLP. In 53 (69.8%) patients, the results of the preoperative investigations were in accordance with the operative 
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ry rate of 14-20/min, a urine output of >30 mL/hr, and who were conscious with no signs of associated injuries were treated conservatively. Two patients with minor penetrating injuries were hemodynamically stable and were treated conservatively. All 70 patients who were in shock when admitted, received prompt surgery with no pre-operative investigation. A total of 53 patients whose diagnoses and extent of injuries already were identified pre-operatively were operated due to clinical deterioration during observation.
Indications for Surgical and Conservative Treatment
The indications that surgery was necessary, irrespective of the mechanism of injury, were hemorrhagic shock, signs of peritonitis, and the surgeon's inability to rule out associated injuries.The latter was defined as a clinical situation in which no adjunct diagnostic resource such as CT scan was available and/or when, due to the lack of HDUs, surgeons could not rely on clinical observation in an ordinary ward. Patients with a normal systolic BP, a pulse that was <100/min, a respirato- number of surgically treated TLIs in this regional trauma center despite the recent worldwide shift toward conservative treatment. [2] [3] [4] [5] [6] [7] It was anticipated that this increase in the number of TLIs operated on might be due either to differences in demography, trauma mechanism and severity, indications used to determine if surgery is needed, or the lack of a defined trauma system. Data from this series and earlier studies from Iran do not reveal any differences in patient groups, patient ages, or mechanisms of injury between the Iranian population and other patient cohorts. [15] [16] Although, unlike American and South African populations, there are few cases of gunshots in these series, the numbers of blunt TLIs as a consequence of road traffic crashes are high and mimic the results from Australian and European series. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The patients' condition at the time of admission to the emergency department closely correlated with their prehospital management, which had a substantial impact on surgical decision-making. It also affected hospital outcomes, as long prehospital times will triage out patients with grade V and some grade IV injuries who will not survive to reach the hospital. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The initial assessment of trauma patients during the golden hour can be life-saving, and aggressive resuscitation with prompt and expeditious homeostasis and early control of infection is mandatory to reduce mortality. 12 The prehospital time in the current series ranged between 30-360 minutes. No helicopter EMS was available. The majority of severely injured patients had a transport time >60 min., which might have had a great impact on patient's condition at the time of admission. In this respect, many initially hemodynamically unstable patients might be misjudged at the time of admission due to poor prehospital care, giving ground for surgical intervention in the absence of observation units and a solid trauma care system. 15, 16, [18] [19] [20] In earlier studies, the major role of the available resources, infrastructure, and local culture in determining the access to a trauma care system in Iran has been emphasized. The lack of adjunct diagnostic and observation facilities in this series might be the main reason for
Surgical Procedures and Post-Operative Complications
Hepatoraphy was the most common type of surgical procedure followed by packing. The majority of patients had no major postoperative complications. Fever occurred in 44.0% of patients (n = 95) and 31 patients (14.3%) had pulmonary complications after the surgery (Table 4) .
Outcome and Mortality
A total of 101 (47%) of the surgically treated patients were observed in the ICU (mean LOS of 8.3 ±9.9 days). During the first post-operative week, 92 (42.6%) of the surgically treated patients had recovered from their injuries, while eight patients still were under observation. Six patients were in need of additional treatment and were transferred to other hospitals. The mean LOS at the hospital for the whole group of patients treated surgically was 8.7 ±8.9 days, compared with 6.0 ±5.0 days in the conservatively treated group. The mortality rate in the surgical group was 18.1% (n = 39; 20 patients with blunt trauma and 19 patients with penetrating trauma). The main cause of mortality, irrespective of injury mechanism, was massive hemorrhage, followed by septic and embolic complications. No patients in the conservatively treated group died (Table 5) .
Discussion
There are some limitations to this study by its retrospective design. The results rely on the accuracy of written records and accessibility to important data, which makes a meaningful comparison with other series less reliable. There also was no randomization or blinding to control bias and confounders. It also was difficult to relate cause and effect. At best, the results may be used to generate a hypothesis. 17 However, this study represents a significant amount of experience in the management of 228 TLIs at a major regional trauma center with a large, relatively homogeneous cohort of patients during a five-year period. It also raises serious questions not only about liver injury management, but the lack of a trauma system in a developing nation. The main objective of this study was to uncover the reasons behind an increasing remaining 146 patients underwent surgery either due to the suspicion of an associated injury or clinical deterioration and the surgeons' fear of monitoring the patients in an ordinary ward without having adequate facilities. 9, 25, 26 Despite the remarkably high intervention rate in this series, the complication rate was not higher than in other series. However, the mortality rate of 18.1% is too high for such low-grade liver injuries. 13, 14, 27 The overall mortality rate for patients with liver injuries is 10-15% (blunt trauma 10-30% and penetrating liver trauma 0-10%). During the last 40 years, the mortality rate in liver trauma in developed countries has decreased due to improved trauma care systems, and qualified prehospital management. 2,3,9,14,27-30
Conclusions
Management of liver trauma, irrespective of its nature, still is a challenge for trauma surgeons. [31] [32] [33] A trauma system includes oversight of prehospital systems and triage, emergency trauma teams, operative, ICUs, and acute care to ensure that critically injured persons will get the right care at the right place in the right amount of time. Current literature indicates that the outcome of liver injuries is related to the application of damage control strategies, the volume of major trauma managed at a trauma center, and the existence of an advanced and organized trauma system. If any of the components in the system are missing or not implemented appropriately, the result may be death or permanent disability for the patient. The high number of surgically treated TLIs in this series is due to the lack of an appropriate trauma system, including poor prehospital management, and lack of adequate surveillance facilities.
higher rate of surgical treatment, with consequential effects on the outcome and survival. 15, 16, 21 The indications that surgery was necessary in this series were signs of peritonitis, shock, uncontrolled hemorrhage, and clinical deterioration during observation. However, in order to have well-balanced clinical judgment to decide on the surgical approach, a clinician must have access to wellequipped observation facilities and to a 24-hour CT scan to monitor trauma patients. In this hospital, there was no observation unit, the access to CT scan was limited, and interventional radiology was almost non-existent. 2, 3, 9, [11] [12] [13] [14] Given the high percentage of surgical treatment in this series, one might speculate that the number of hemodynamically unstable patients with or without severe injuries and in need of surgery in this cohort has been much higher than other studies. 15 However, analyses of injury severity and the type of surgery performed indicates that the majority of liver injuries in this series could have been successfully managed conservatively, had there been any ICU/HDU facilities available in this center. More than 50% of liver injuries are grades I-III and the majority of patients (45 grade I and 89 grade II) received only minor surgical repair (Table 4) . [22] [23] [24] In addition, 42.6% of patients had recovered from their injuries in less than one week, which is a very short recovery time for a patient with major liver injury. Only 12 patients were qualified for conservative treatment in an ordinary surgical ward. Uncontrolled hemorrhage, associated injuries, and sepsis with multiple organ failure are early and late causes of death. Other variables affecting mortality rate are: shock on admission, time elapsed between the accident and initiation of resuscitation, age >50 years, experience of the anesthetist and surgeon, and the magnitude of surgical repair. 3 Patients in shock are the most severely affected group and should be operated upon promptly. In the current series, only 30% (n = 70) of patients were in shock at the time of admission. The
